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Description 

Background of the Invention and Related Art Statement 

The present invention relates to sintered silicon carbide With graphite added thereto and to a sintered composite 
containing the same used for mechanical seals and the Dke. More particularly, the present invention relates to sintered 
silicon carbide with graphite added thereto and to a sintered composite containing the same which are endowed with 4 
excellent lubrication properties, and which provide excellent rubbing materials for such mechanical seals that are used 
under dry conditions, that are used under conditions in which the sliding surfaces become temporarily dry during oper- 
ation, or that are used in combination with seal fluid having no lubrication ability, and which provide excellent material 
for bearings which produce temporary dry conditions. 

. Conventionally, cemented carbide, sintered alumina, sintered silicon carbide, and the like have been used as rub- • 
bing materials for mechanical seals. Among these materials; sintered silicon carbide has been most widely used, as it 
is endowed with good thermal conductivity, low coefficient of thermal expansion, high hardness, excellent wear resist- 
ance, excellent corrosion resistance, and excellent oxidation resistance. However, under dry conditions of gas or steam, 
sintered silicon carbide used as a rubbing material for stationary and rotating rings may cause seizure, scoring, gener- 
ation of thermal cracks or abnormal wear, as sintered silicon carbide has poor lubrication ability. In addition, the same 
problems may be caused in temporary dry conditions, as experienced when hot water is used. Moreover, in fluids hav- 
ing poor lubrication ability such as water, rubbing materials may adhere to each other. This phenomenon, which is 
known as linking, may lead to damage to the mechanical seal itself. 

Furthermore, sintered silicon carbide is a material difficult to work due to its high hardness, and causes problems 
such as generation of defectives during processing and high cost of processing. 

In order to solve the above-mentioned problems characteristic to sintered silicon carbides, there have been sug- 
gested materials having improved friction and wear properties. For example, Japanese Patent Application Laid-Open . 
(kokai) No. 61 - 1 32575 (the disclosure of which is herein incorporated by reference) discloses a silicon carbide compos- 
ite which uses a sintered silicon carbide, which is suitable for producing a composite together with synthetic resins such 
as f luororesins. However, as described in examples of the publication, this silicon carbide composite has extremely poor 
bending strength compared with that of sintered silicon carbide prepared by way of sintering under atmospheric pres- 
sure, and has poor heat and corrosion resistance as it is a composite containing resin, making it unsuitable as a rubbing 
material for a mechanical seal used to seal corrosive or high temperature fluid. 

Japanese Patent Application Laid-Open {kokai) No. 60-141676 (the disclosure of which is herein incorporated by 
reference) discloses a silicon carbide/graphite/carbon composite ceramic material formed of approximately 1-48 wt.% 
of graphite carbon having an average grain size of not more than 8 um, about 0.5-5.G wt.% of amorphous carbon, and 
the remainder silicon carbide. Japanese Patent Application Laid-Open (kokai) No. 63-260861 (the disclosure of which 
is herein incorporated by reference) discloses a silicon carbide/graphite ceramic composite having self-lubrication abil- 
ity; i.e., a silicon carbide composite with graphite added thereto consisting of granules of graphite grains having primary 
grains of 5-8 urn, as well as a process of producing the same. However, none of these materials have sufficient lubrica- 
tion ability or bending strength. 

The object of the present invention is to provide sintered silicon carbide with graphite added thereto (hereinafter 
referred to as "graphite-added sintered silicon carbide) and a sintered composite containing the same which can solve 
the above-mentioned problems characteristic to conventional silicon carbide composites, and which exhibit excellent 
rubbing characteristics, particularly under dry conditions and under non-lubricant conditions, as well as mechanical 
seals prepared therefrom. 

Summary of the Invention 

The inventors of the present invention have carried out extensive studies and have found that rubbing characteris- 
tics are improved, particularly under dry conditions, when natural graphite which is highly crystallized and is of large 
grain size is added to the composite. Strict determination of the amount, shape, and density of natural graphite to be 
added has led to the invention of a material which exhibits excellent properties, particularly for use in mechanical seals. 
In addition, because graphite-added sintered silicon carbide prepared in accordance with the proper formulation may 
permit leakage therethrough, carbonized or graphitized resin is incorporated as a sealing agent so as to develop a sin- 
tered composite containing graphite-added sintered silicon carbide which is suitable for mechanical seals used under 
dry conditions. 

The present invention is characterized by comprising 10-30 wt.% of natural graphite flakes having an average grain 
size of 8-100 um and the remainder silicon carbide and a sintering aid, and by having a relative density of 80-92%. 

Natural graphite has excellent self-lubrication properties, and greatly contributes to an improvement in- dry characr 
teristics when natural graphite grains which are highly crystallized and are of large grain size are used in the form of a 
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homogeneous dispersion. However, the dry characteristics are largely affected by the range of the grain size and the 
amount of natural graphite to be added, the characteristics of silicon carbide, and the density of the obtained graphite- 
added sintered silicon carbide. To achieve the above-mentioned object, the inventors of the present invention have con- 
ducted extensive studies and found that excellent lubrication ability is imparted by the addition of 10-30 wt.% of natural 

5 graphite flakes which are highly crystallized and have an average grain size of 8-1 00 urn to d-type silicon carbide having 
an average grain size of 2-7 and an average aspect ratio of 1 -2 to thereby produce a graphite-added sintered silicon 
carbide having a relative density of 80-92%: The lubrication ability is further improved by the addition of a carbide or a 
graphite obtained by pyrolysis of thermosetting resin to the thus-obtained graphite-added sintered silicon carbide hav- 
ing a relative density of 80-92% and by the sealing of open pores, to thereby provide an excellent material for rubbing 

10 materials of mechanical seals. 

The lubrication ability is still further improved when an average grain size of natural graphite falls in the range of 20- 
80 inn. preferably in the range of 30-60 um. Moreover, when the natural graphite content is 16-30 wt.%, further 
improved results are obtained. 

Graphite-added sintered silicon carbide and a sintered composite containing graphite-added sintered silicon car- 

15 bide of the present invention comprise an a-type silicon carbide having excellent sintering characteristics due to incor- 
■ poration of a large amount of highly anisotropic graphite grains. 

Natural graphite used in the manufacture of the sintered material is in the form of natural graphite flakes having an 
average grain size of 8-100 um, preferably 20-80 um, more preferably 30-60 um. When natural graphite having an aver- 
age grain size of 80 urn or less is incorporated, sufficient lubrication characteristics are not obtained in terms of the rub- 

20 bing characteristics of the mechanical seal, whereas when the grain size is in excess of 100 urn, the strength of the 
sintered material decreases. The grain size is preferably 20 urn or more, more preferably 30 um or more, in considera- 
tion of lubrication characteristics and preferably 80 um or less, more preferably 60 um or less, from the viewpoint of 
strength. 

Natural graphite is incorporated in the sintered material in an amount of 10-30 wt.%, preferably 16-30 wt.%. When 
25 natural graphite is incorporated in an amount of less than 10 wt%, sufficient lubrication characteristics for use as a 
mechanical seal are not attained and friction upon rubbing is increased to generate heat, thereby promoting burning, 
scoring, and consequent ringing of a sliding face. Incorporation in an amount of 16 wt.% or more results in more pref- 
erable lubrication characteristics. When natural graphite having a large grain size is incorporated in an amount of 30 
wt.% or more, the strength of the sintered material decreases to thereby promote detachment of the grains therefrom 
30 in rubbing. 

The relative density of the graphite-added sintered silicon carbide is regulated to 80-92% so as to form open pores 
in an amount of 18 vol.% or less. A carbon phase having excellent lubrication ability is provided in the sliding face with- 
out substantially lowering the strength due to introduction into the pores of a carbonized thermosetting resin and/or a 
graphitized product. When a relative, density of the graphite-added sintered silicon carbide is less than 80%, the 
35 strength of the sintered material decreases disadvantageous^, whereas when the relative density is in excess of 92%, 
sufficient lubrication ability is not imparted to the sliding face and the amount of a carbonized thermosetting resin and/or 
a graphitized product incorporated into the pores decreases to result in abnormal wearing and scoring at the sliding 
face, as shown in the below-descrfoed Examples. 

Another purpose of the introduction of a carbonized thermosetting resin and/or a graphitized product into the pores 
40 of the above-described graphite-added sintered silicon carbide is to prevent the leakage of materials to be sealed 
through the open pores when the sintered material is used as a mechanical seal. When a synthetic resin or a metal— as 
. opposed to a carbonized resin or a graphitized product— is introduced into the open pores of the graphite-added sin- 
tered silicon carbide to maintain the sealing ability, there result decreases in the excellent corrosion resistance and heat 
resistance of the graphite-added sintered silicon carbide. 

( Description of the manufacturing method ) 

A small amount of a sintering aid is required when a silicon carbide powder is sintered. No particular limitation is 
imposed on the sintering aid, and typical known sintering aids — an alumina type and a boron-carbon type — may used. 
so A boron-carbon type sintering aid is preferred, in view of good corrosion resistance and rubbing characteristics of the 
sintered material. 

Either a 0-type silicon carbide powder stable at low temperature or an a-type silicon carbide powder stable at high 
temperature may be used as a starting powder for sintering/Since a large amount of highly anisotropic graphite grains 
are incorporated to impart lubrication ability to silicon carbide, a-type silicon carbide is preferred as a starting powder 
55 in view of better sintering characteristics. The a-type silicon carbide preferably has an average grain size of 10 um or 
less. Moreover, micropowder thereof having an average grain size of 0.7 or less is preferred in that it promotes den- 
sification and provides higher mechanical strength of the sintered material. 

The sintering aid is selected from boron, carbon, aluminum, beryllium, and a compound containing one or more of 
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these elements. Of these, a boron-carbon type sintering aid most facilitates the densification. 

The sintering aid is incorporated in an amount of 0.1-1 wt.% in terms of boron. Incorporation of boron in an amount 
of 0.1 wt.% or less results in insufficient densification. whereas incorporation in an amount of 1 wt.% or more does not 
result in higher densification commensurate with the amount of the incorporation. Also, an excess amount of boron pro- 
5 motes anomalous growth of silicon carbide crystal grains and lowers the mechanical strength of the sintered material. 
As the boron source, boron and a compound thereof may be used singly or in combination. Examples of typically used 
boron sources include amorphous boron, boron carbide, boron nitride, and boron dioxide. Of these, amorphous boron 
and boron carbide provide stable densification and boron carbide is preferred in that it is economical and easily availa- 
ble. * 

10 With regard to a carbon source, a carbonizable organic carbon source or carbon ultraf ine powder such as carbon 
black is used A phenolic resin and coal tar. both of which are effectively carbonized, are preferred as the organic carbon 
source. 

The required amount of the carbon source depends on the purity of silicon carbide powder to be used, particularly 
on the oxygen content thereof. The majority of oxygen distributed around the surface of the silicon carbide powder 
15 bonds to silicon to form silicon dioxide or silicon oxide having a quasi-glass compositional ratio. Consequently, a carbon 
source is incorporated in an amount of 0.5-5 wt.% into a silicon carbide powder refined with hydrochloric acid, 
hydrofluoric acid, or the like, so as to provide satisfactorily-densrfied sintered silicon carbide. 

Natural graphite is incorporated as a solid lubricant in the above-described amount so as to impart rubbing charac- 
teristics to sintered silicon carbide. Natural graphite is capable of maintaining stability during the firing of silicon carbide, 
so Natural graphite having a high crystalfinity and large grain size is preferred in that it imparts excellent rubbing charac- 
teristics. 

Examples of a binder typically used for molding include polyvinyl alcohol, coal tar pitch, polyethylene glycol, an 
acrylic resin, a phenolic resin, and polyvinyl butyral. Of these, a phenolic resin is preferred/in that it also works as a sin- 
tering aid during the firing of silicon carbide. These starting powders and the binder are blended in predetermined 

25 amounts and mixed homogeneously by use of a ball-mill. etc.. preferable in a slurry state. Subsequently, the mixture is 
preferably spray-dried to yield a granule-like powder having a fluidity required for subsequent molcfing. 

The obtained granules are molded by use of a metallic die or through hydrostatic pressing. The pressure in the 
molding is required to be 1 000-4000 kgf/cm 2 . In order to obtain a sintered material hdvinp^a high density, the granules 
must be formed into a high-density compact in the molding stage! Also, the compact may further be machine-processed 

30 to have a desirable shape. 

The obtained compacts are fired at 1900-2300°C for 30-36 minutes, typically in hydrogen, nitrogen, or an inert gas 
such as argon or helium, without the application of additional pressure, or in vacuum. When firing is performed for 30 
minutes or less, sintering reaction does not proceed, whereas firing for 360 minutes or more results in. disadvantageous 
decomposition of the compacts. When the firing temperature is lower than 1900°C, sufficient densification is not 

35 attained, whereas when the temperature is greater than 2300°C, silicon carbide partially sublimates to lower the den- 
sity. Thus, the firing temperature is more preferably 2050-2200°C. 

Open pores contained in graphite-add ed sintered silicon carbide having a relative density of 80-92% are imprejg- 
nated with a resin. Examples of resins preferable for such impregnation include effectively carbonized resins such as a 
phenolic resin, a furan resin, an epoxy resin, pitch, or tar. 

40 Prior to impregnation, the sintered material is degassed in vacuum by use of a vacuum-impregnation apparatus or 
the like. Impregnation under application of a pressure of 1 00 kgf/cm 2 by use of a high-pressure impregnation apparatus 
is more preferable. Subsequently, the impregnated graphite-added sintered silicon carbide is carbonized at 800-1300°C 
in a non-oxidizing atmosphere so as to complete carbonization of the impregnated thermosetting resin. The completely 
carbonized product is heated to 1 900-2300°C in a non-oxidizing atmosphere for graphitization. When the graphitization 

45 is performed at 2200°C or higher, the silicon carbide matrix decomposes disadvantageous^. Through the graphitiza- 
tion, the open pores become covered with a carbonized or graphitized thermosetting resin to provide a surface layer 
exhibiting excellent lubrication ability as well as to prevent the materials per se from leaking through the pores. 
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Brief Description of the Drawings 

Fig. 1 shows micrographs of surface properties of graphite-added sintered silicon carbide obtained in Example 1. 
Fig. 2 shows sectional side views of a rotating ring and a stationary ring according to one embodiment of the 
mechanical seal of the present invention. 

Fig. 3 shows a partial sectional view of an embodiment of the mechanical seal of the present invention. 
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Detailed Description of Preferred Embodiments 

EXAMPLES 
5 Example 1 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
surface area: 20 rrr^/g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 m 2 /g, and 20.0 wt.% (2.000 g) of commercially available natural graphite; i.e., natural graph- 
to ite flakes having a maximum grain size of not more than 149 ^nn and an average grain size of 45 *im. An aqueous solu- 
tion of polyvinyl alcohol (PVA)-^which was used as a binder— was added to the above in an amount of 1.5 wt.% as 
reduced to the solid content. These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in 
the form of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain granules. 

The granules were charged in a metallic press, pre-molded under pressure of 250 kg/cm 2 , and subsequently 
is molded by use of a cold isostatic press method under pressure of 3.000 kg/cm 2 , to thereby obtain molded products. 
The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1. 

The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and reten- 
tion for four hours at 2,200°C in an argon atmosphere. 

20 The density of the sintered pieces as determined by the Archimedes method was 2.78 g/cm 3 . The relative density 
was about 92%, and the open pore ratio was 3 vol.%. 

In polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several 
microns to one hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crys- 
tals. In Fig. 1. white needles are the graphite flakes. 

25 The sintered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces 
were sufficiently vacuum-degassified, a phenolic resin was introduced by use of a high pressure impregnation appara- 
tus. Subsequently, the resin was carbonized in a nitrogen atmosphere. Graphttization was performed in an atmosphere 
of nitrogen by use of a graphitizing furnace! The resultant graphitized products were tested for leakage under air pres- 
sure of 6 kgf/crrr^G. proving absence of air leakage. 

30 After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 jun, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1: ; * 
As is apparent from the test results shown in Table 3. substantially no wear was observed, with no ringing of sliding 
face, and no seizure and no scoring in sliding surfaces. 

35 The parameters of another rubbing test performed in the presence of hot water are shown in Table 3. As is apparent 
from the rubbing test results shown in Table 4, the sliding torque was as small as 17 kgcm, and during overhaulinspec- 
tion, excellent characteristics were proven, with no seizure or scoring in sliding surfaces. , 

Example 2 . * 
40 . .Y . - / Y ' . ■:/-'• ; " . .. 

. The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 urn, specific 
surface area: 20 m 2 /g), 0.135 wt.% (13.5 g) of B 4 C powder as a sintering aid. 2.0 wt.% (200 g) of carbon black having 
a specific surface area of 200 m 2 /g, and 16 wt.% (1,600 g) of commercially available natural graphite; i.e., natural graph- 
ite flakes having a maximum grain size of not more than 149 nm and an average grain size of 60 um. An aqueous solu- 
45 tion of PVA— which was used as a binder— was added to the above in an amount of 1.5 wt.% as reduced to the solid 
content. These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homo- 
geneous mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a 
metallic press, pre-molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press 
method under pressure of 3,000 kgf/cm 2 , to thereby obtain molded products. The molded products were machined to 
so yield stationary and rotating rings having predetermined sizes shown in Table 1 . The thus-machined pieces were sin- 
tered under conditions of a temperature elevation rate of 5°C/minute and retention for four hours at 2,200°C in an argon 
atmosphere. The density of the sintered pieces as determined by the Archimedes method was 2.81 g/cm 3 . The relative 
density was about 92%, and the open pore ratio was 3 vol.%. In polished surfaces of the resultant pieces, f lake-shaped 
graphite grains having a size ranging from several microns to one hundred and several dozens of microns were found 
. 55 to be uniformly dispersed in the silicon carbide^ crystals. The sintered pieces were placed in a vacuum impregnation 
apparatus, and after the interior portions of the pieces were sufficiently vacuum-degassified, a phenolic resin was intro- 
duced by use of a high pressure impregnation apparatus. Subsequently, the resin was carbonized in a.furnace under 
nitrogen. The resultant sintered composite containing graphite-added sintered silicon carbide was tested for leakage 
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under air pressure of 6 kgf/cnAj. proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 um, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1 . 
5 As is apparent from the test results shown in Table 3. substantially no wear was observed, with no ringing of sliding 

face, and neither seizure nor scoring in sliding surfaces. 

Example 3 

10 The following materials were weighed: 1 0 kg of a-type silicon carbide powder (average grain size: 0.4 juti, specific 
surface area: 20 m 2 /g), 0.5 wt% (50 g) of B 4 C powder as a sintering aid. 5 wt% (500 g) of phenolic resin, and 15 wt% 
(with respect to silicon carbide powder; 1 ,500 g) of commercially available natural graphite; i.e.; natural graphite flakes 
having a maximum grain size of not more than. 149 urn and an average grain size of about 45 um. A mixture of water 
and ethanol (1 :1 0) was added to the resultant slurry to make the slurry concentration 10 wt.%. These materials were 

15 placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous mixture was spray-dried 
by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, pre-molded under pres- 
sure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under pressure of 2,800 kgf/cm 2 , 
to thereby obtain molded products. The molded products were machined to yield stationary and rotating rings having 
predetermined sizes shown in Table 1 . The thus-machined pieces were sintered under conditions of a temperature eie- 

20 vation rate of 5°C/rninute and retention for four hours at 2,200°G in an argon atmosphere. The density of the thus- 
obtained graphite-added sintered silicon carbide as determined by the Archimedes method was 2.75 g/cm 3 . The rela- 
tive density was 90%, and the open pore ratio was 6 vol.%. In polished surfaces of the resultant pieces, flake-shaped 
graphite grains having a size ranging from several microns to one hundred and several dozens of microns were found 
to be uniformly dispersed in the silicon carbide crystals. The sintered pieces were placed in a vacuum impregnation 

25 apparatus, and after the interior portions of the pieces were sufficiently vacuum -degassified^a phenolic resin was intro- 
duced by use of a high pressure impregnation apparatus. Subsequently, the resin was carbonized in a furnace under 
nitrogen. The resultant sintered composite containing graphite-added sintered silicon carbide, was tested for leakage 
under air pressure of 6 kgf/cm 2 ^ proving absence of air leakage. < 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 

30 subjected to lapping to obtain i a surface haying a surface roughness of 0.2 um, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from ^e test results shown 
in Table 3, wear loss was about 21 nm/year, with slight ringing of sliding face, and a trace of slight scoring found in slid- 
ing surfaces. However, these results are considered to raise no problem for practice use. 

35 Example 4 • 

The following materials were weighed: 10 kg of d-type silicon carbide powder (average grain size: 6.4 jim, specific 
surface area: 20 m 2 /g), 0.135 wl% (13.5 g) of B4C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having 
a specific surface area of 200 m 2 /g, and 11.2 wt.% (1,120 g) of commercially available natural graphite; i.e., natural 

40 graphite flakes having a maximum grain size of not more than 149 urn and an average grain size of 45 jim. An aqueous 
solution of PVA— which was used as a binder— was added to the above in an amount of 1.5 wt.% as reduced to the 
solid content These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a 
homogeneous mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in 
a metallic press, pre-molded under pressure of 250 kgf/cm 2 and subsequently molded by use of a cold isostatic press 

45 method under pressure of 1.500 kgf/cm 2 . to thereby obtain molded products. The molded products were machined to 
yield stationary and rotating rings having predetermined sizes shown in Table 1. The thus-machined pieces were sin- 
tered under conditions of a temperature elevation rate of 5°C/minute and retention for four hours at 2,200°C in an argon 
atmosphere. The density of the sintered pieces as determined by the Archimedes method was 2.63 g/cm 3 . The relative 
density was about 85%, and the open pore ratio was 1 1 vol.%. The sintered pieces were placed in a vacuum impreg- 

50 nation apparatus, and after the interior portions of the pieces were sufficiently vacuum-degassified, a phenolic resin 
was introduced by use of a high pressure impregnation apparatus. Subsequently, the resin was carbonized in a furnace 
under nitrogen. The resultant composite was tested for leakage under air pressure of 6 kgf/cm 2 G. proving absence of 
air leakage. 

After the. thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
55 subjected to lapping to obtain a surface having a surface roughness of 0.2 pm, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1 . 

As is apparent from the test results shown in Table 2, wear loss is about 13 nm/year, with ringing of sliding face, 
and a trace of slight scoring found in sliding surfaces. However, these results are considered to be raise no problem for 
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practice use. 



Example 5 

5 The following materials were weighed: 10 kg of a-typje silicon carbide powder (average grain size: 0.4 pm. specific 

surface area: 20 m 2 /g). 0.5 wt.% (50 g) of B 4 C powder as a sintering aid. 5 wt.% (500 g) of phenolic resin, and 30 wt.% 
(with respect to silicon carbide powder; 3.000 g) of commercially available natural graphite; i.e.. natural graphite flakes 
having a maximum grain size of not more than 1 49 jim and an average grain size of 45 urn. A mixture of water and eth- 
anol (1:10) was added to the resultant slurry to make the slurry concentration 1 0 wt.%. These materials were placed in 

10 a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous mixture was spray-dried by use of 
a spray drier so as to obtain granules. The granules were charged in a metallic press, pre-molded under pressure of 
250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under pressure of 1,500 kgf/cm 2 , to 
thereby obtain molded products. The molded products were machined to yield stationary and rotating rings having pre- 
determined sizes shown in Table 1 . the thus-machined pieces were sintered under conditions of a temperature eleva- 

15 tion rate of 5°C/minute and retention for four hours at 2.200°C in an argon atmosphere. The density of the sintered 
pieces as determined by the Archimedes method was 2.48 g/cm 3 . The relative density was about 85%, and the open 
pore ratio was 1 2 vol.%. In polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging 
from several microns to one hundred and several dozens of microns were found to be uniformly dispersed in the silicon 
carbide crystaJs. The sintered pieces were placed in a vacuum impregnation apparatus, and after the interior portions 

20 of the pieces were sufficiently vacuum-degassified, a phenolic resin was introduced by use of a high pressure impreg- 
nation apparatus. Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was 
tested for leakage under air pressure of 6 kgf/crrAj, proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 urn, a rubbing test was performed. Parame- 

25 ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from the test results shown 
in Table 3, substantially no wear was observed, with no ringing of sliding face, and neither seizure nor scoring in sliding 
surfaces. 

The parameters of another rubbing test performed in the presence of hot water are shown in Table 2. As is apparent 
from the rubbing test results shown in Table 4. the sliding torque was as small as 20 kgcrh, and during overhaulinspec- 
30 tion, excellent characteristics were proven, with no seizure or scoring in sliding surfaces. 

.. Example 6 ; 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0^4 urn, Specific 

35 surface area: 20 m 2 /g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 5 wt% (500 g) of phenolic resin, and 30 wt% 
(3,000 g) of commercially available natural graphite; i.e:, natural graphite flakes having a maximum grain size of not 
more than 1 49 urn and an average grain size of 8 |jm. A mixture of water and ethanol (1:10) was added to the resultant 
slurry to make the slurry concentration 10 wt%. These materials were placed in a ball mill and mixed for 24 hours. The 
resultant slurry in the form of a homogeneous mixture was spray^dried by use of a spray drier so as to obtain granules. 

40 The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 , and subsequently molded 
by use of a cold isostatic press method under pressure of 2,500 kgf/cm 2 , to thereby obtain molded products. The 
molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 1. 
The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and retention 
for four hours at 2,26o°C in an argon atmosphere. The density of the sintered pieces as determined by the Archimedes 

45 method was 2.62 g/cm 3 . The relative density was about 90%. and the open pore ratio was 6 vol.%. In polished surfaces 
of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to one hundred and 
several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals, The sintered pieces were 
placed in a vacuum impregnation apparatus, and after the interior portions of the pieces were sufficiently vacuum- 
degassified, a phenolic resin was introduced by use of a high pressure impregnation apparatus. Subsequently, the resin 

so was carbonized in a furnace under nitrogen. The resultant composite was tested for leakage under air pressure of 6 
kgf/cm 2 G, proving absence of air leakage. 

After, the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to Japping to obtain a surface having a surface roughness of 0.2 jim, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1. As is apparent from the test results shown 

55 in Table 3, wear loss was 40 urn/year, with slight ringing of sliding face and slight scoring in sliding surfaces. However, 
these results are considered to raise no problem for practice use. 
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Example 7 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 jim, specific 
surface area: 20 rrr^/g), 0.5 wt% (50 g) of B 4 C powder as a sintering aid, 5 wt.% (500 g) of phenolic resin, and 11.2 

5 wt.% (1 , 120 g) of commercially available natural graphite: i.e., natural graphite flakes having a maximum grain size. of 
not more than 149 urn and an average grain size of about 100 urn. A mixture of water and ethanol (1:10) was added to 
the resultant slurry to make the slurry concentration 10 wt%. These materials were placed in a ball mill and mixed for 
24 hours. The resultant slurry in the form of a homogeneous mixture was spray-dried by. use of a spray drier so as to 
obtain granules. The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 , and sub- 

10 sequently molded by use of a cold isostatic press method under pressure of 3,000 kgf/cm 2 , to thereby obtain molded 
products. The molded products were machined to yield stationary and rotating rings having predetermined sizes shown 
in Table 1 . The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and 
retention for four hours at 2.200°C in an argon atmosphere. The density of the sintered pieces as determined by the 
Archimedes method was 2.86 g/cm 3 . The relative density was about 92%, and the open pore ratio was 3 vol.%. In pol- 

75 ished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to one 
hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. The sin- 
tered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces were suffi- 
ciently vacuum-degassified, a phenolic resin was introduced by use of a high pressure impregnation apparatus. 
Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was tested for leakage 

20 under air pressure of 6 kgf/cm^, proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 urn, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from the test results shown 
in Table 3, wear loss is 60 pm/year, with no ringing of sliding face, and slight scoring in sliding surfaces due to chipping 

25 caused by reduction in strength. However, these results are considered to raise no problem for practice use. 

Example 8 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 pm, specific 

3d surface area: 20 rrr^/g), 0.135 wt% (13.5 g) of B 4 C powder as a sintering aid. 2:0 wt% (200 g) of carbon black having 
a specific surface area of 200 m 2 /g, and 16 wt.% (with respect to silicon carbide powder; 1 ,600 g) of commercially avail- 
able natural graphite; i.e., natural graphite flakes having a maximum grain size of not more than 149 urn and an average 
grain size of about 20 urn. An aqueous solution of PVA— which was used as a binder — was added to the above, in an 
amount of 1 .5 wt.% as reduced to the solid content. These materials were placed in a ball mill and mixed for 24 hours. 

35 The resultant slurry in the form of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain gran- 
ules. The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 3,000 kgf/cm 2 . to thereby obtain molded products. 
The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1 . The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and reten- 

40 tion for four hours at 2,200°C in an argon atmosphere. The density of the sintered pieces as determined by. the 
Archimedes method was 2.81 g/cm 3 . The relative density was about 92%, and the open pore ratio was 3 vol.%. In pol- 
ished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to one 
hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. The sin- 
tered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces were suffi- 

45 ciently vacuum-degassified. a phenolic resin was introduced by use of a high pressure impregnation apparatus. 
Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was tested for leakage 
under air pressure of 6 kgf/cm 2 G, proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 urn, a rubbing test was performed. Parame- 

so ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from the test results shown 
in Table 3, wear loss was 26 um/year, with very slight ringing of sliding face and slight scoring in sliding surfaces. How- 
ever, these results are considered to raise no problem for practice use. 

Example 9 

55 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 pm, specific 
surface area: 20 m 2 /g), 0.135 wt% (13.5 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having 
a specific surface area of 200 m 2 /g, and 16 wt.% (with respect to silicon carbide powder; 1.600 g) of commercially avail- 
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able natural graphite; i.e., natural graphite flakes having a maximum grain size of not more than 149 jim and an average 
grain size of about 80 jim. An aqueous solution of PVA — which was used as a binder— was added to the above in an 
amount of 1.5 wt% as reduced to the solid content. These materials were placed in a ball mill and mixed for 24 hours. 
The resultant slurry in the form of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain gran- 

5 ules. The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 2,800 kgf/cm 2 , to thereby obtain molded products. 
The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1. The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°CAninute and reten- 
tion for four hours at 2,200°C in an argon atmosphere. The density of the sintered pieces as determined by the 

10 Archimedes method was 2.81 g/cm 3 . The relative density was about 92%. and the open pore ratio was 3 vol.%. In pol- 
ished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to one 
hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. The sin- 
tered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces were suffi- 
ciently vacuum-degassified, a phenolic resin was introduced by use of a high pressure impregnation apparatus. 

is Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was tested for leakage 
under air pressure of 6 kgf/crrr^G. proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 pm, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from the test results shown 

20 in Table 3, wear loss was 35 um/year, with no ringing of sliding face but slight scoring in sliding surfaces. However, these 
results are considered to raise no problem for practice use 

Example 10 

25 The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 pm, specific 
surface area: 20 m 2 /g), 0.1 35 wt.% (1 3.5 g) of B 4 C powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having 
a specific surface area of 200 m 2 /g, and 1 6 wt.% (with respect to silicon carbide powder; 1 ,600 g) of commercially avail- 
able natural graphite; i.e.. natural graphite flakes having a maximum grain size of not more than 149 um and an average 
grain size of about 30 jim. An aqueous solution of PVA — which was used as a binder— was added to the above in an 

30 amount of 1 .5 wt.% as reduced to the solid content. These materials were placed in a ball mill and mixed for 24 hours. 
The resultant slurry in the form of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain gran- 
ules.- The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 3,000 kgf/cm 2 , to thereby obtain molded products. 
. . The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 

35 1. "The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and reten- 

i tion for four hours at 2.200°C in an argon atmosphere. The density of the sintered pieces as determined by the 
Archimedes method was 2.81 g/cm 3 . The relative density was about 92%, and the open pore ratio was 3 vol.%. In pol- 
ished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to one 
hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. The sin- 

40 tered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces were suffi- 
ciently vacuum-degassified, a phenolic resin was introduced by use of a high pressure impregnation apparatus. 
Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was tested for Jeakage 
under air pressure of 6 kgf/crrr^G, proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 

45 subjected to lapping to obtain a surface having a surface roughness of 0.2 jim, a rubbing test was performed. Parame- 
ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from the test results shown 
in Table 3, excellent results were obtained; wear loss was 14 um/year, with no ringing of sliding face and no scoring in 
sliding surfaces. 

so Example 11 

The following materials were weighed: 10 kg of ciTtype silicon carbide powder (average grain size: 0.4 um. specific 
surface area: 20 m 2 /g), 0.135 wt.% (13.5 g) of B 4 C powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having 
a specific surface area of 200 m 2 /g, and 1 6 wt.% (with respect to silicon carbide powder; 1 ,600 g) of commercially avail- 
55 able natural graphite; i.e., natural graphite flakes having a maximum grain size of not more than 149 and an average 
grain size of about 30 \um. An aqueous solution of PVA — which was used as a binder — was added to the above in an 
amount of 1.5 wt.% as reduced to the solid content. These materials were placed in a ball mill and mixed for 24 hours. 
The resultant slurry in the form of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain gran- 
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u!es. The granules were charged in a metallic press. pre-molded under pressure of 250 kgf/cm 2 . and subsequently 
molded by use of a cold isostatic press method under pressure of 1,500 kgVcm 2 . to thereby obtain molded products. 
The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1 . The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and reten- 

5 tion for four hours at 2,200°C in an argon atmosphere. The density of the sintered pieces as determined by the 
Archimedes method was 2.60 g/cm 3 . The relative density was about 85%, and the open pore ratio was 1 2 vol.%. In pol- 
ished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to one 
hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. The sin- 
tered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces were suffi- 

w ciently vacuum-degassffied. a phenolic resin was introduced by use of a high pressure impregnation apparatus. 
Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was tested for leakage 
under air pressure of 6 kgf/crrr^G, proving absence of air leakage. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 um. a rubbing test was performed. Parame- 

15 ters of the rubbing test performed under dry conditions are shown in Table 1 . As is apparent from the test results shown 
in Table 3, excellent results were obtained; wear loss was 10 Mm/year, with no ringing of sliding face and no scoring in 
sliding surfaces. 

Example 12 

20 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
surface area: 20 rr^/g), 0.5 wt% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200m 2 /g, and 16 wt% (1 ,600 g) of commercially available natural graphite; i.e., natural graphite, 
flakes having a maximum grain size of not more than 149 um and an average grain size of 60 um. An aqueous solution 

25 of polyvinyl alcohol (PVA) — which was used as a binder — was added to the above in an amount of 1 .5 wt.% as reduced 
to the solid content. These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form 
of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain granules. 

The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 3,000 kgf/cm 2 , to thereby obtain molded products. 

30 The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 

The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and reten- 
tion for four hours at 2, 200°C in ah argon atmosphere. 

The density of the sintered pieces as determined by the Archimedes method was 2.81 g/cm 3 . The relative density 
35 was about 92%, and the open pore ratio was 3 vol.%. 

In polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several 
microns to one hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crys- 
tals. " / _.**-• 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
40 subjected to lapping to obtain a surface having a surface roughness of 0.2 um, a rubbing test was performed. Parame- 
ters of the rubbing test performed under hot water conditions are shown in Table 2. As is apparent from the test results 
shown in Table 4, 0.5 cc/hour of leak constantly occurred since no impregnation-and-carbonization was performed. 
However, the drive torque was very small (19 kgcm), and neither scoring nor surface damage was observed in sliding 
surfaces when an overhaul inspection was performed. 

45 

Example 13 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specif ic 
surface area: 20 m 2 /g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 5 wt.% (500 g) of phenolic resin, and 16 wt.% 

so (with respect to silicon carbide powder; 1 ,600 g) of commercially available natural graphite; i.e., natural graphite flakes 
having a maximum grain size of not more than 149 um and an average grain size of about 80 um. A mixture of water 
and ethanol (1:10) was added to the resultant slurry to make the slurry concentration 10 wt,%. These materials were 
placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous mixture was spray-dried 
by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, pre-molded under pres- 

55 sure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under pressure of 2,800 kgf/cm 2 , 
to thereby obtain molded products. The molded products were machined to yield stationary and rotating rings having 
predetermined sizes shown in Table 1 . The thus-machined pieces were sintered under conditions of a temperature ele- 
vation rate of 5°C/minute and retention for four hours at 2,200°C in an argon atmosphere. The density of the thus- 
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obtained graphite-added sintered silicon carbide as determined by the Archimedes method was 2.75 g/cm 3 . The rela- 
tive density was 90%, and the open pore ratio was 6 vol.%. In polished surfaces of the resultant pieces, flake-shaped 
graphite grains having a size ranging from several microns to one hundred and several dozens of microns were found 
to be uniformly dispersed in the silicon carbide crystals. 
5 After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 

subjected to lapping to obtain a surface having a surface roughness of 0.2 um, a rubbing test was performed. Parame- 
ters of the rubbing test performed under hot water conditions are shown in Table 2. As is apparent from the test results 
shown in Table 4, 1.0 cc/hour of leak occurred since no impregnatiorvand-carbonization was performed. However, the 
drive torque was very small (21 kgcm). and neither scoring nor surface damage was observed in sliding surfaces after 

io the test 

# 

Example 14 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
is surface area: 20 m 2 /g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid. 2.0 wt.% (200 g) ol carbon black having a 
specific surface area of 200 rr^/g, and 30 wt.% (3,000 g) of commercially available natural graphite; i.e., natural graphite 
flakes having a maximum grain size of not more than 149 jim and an average grain size of 60 um. An aqueous solution 
of polyvinyl alcohol (PVA)— which was used as a binder—was added to the above in an amount of 1.5 wt.% as reduced 
to the solid content. These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form 
20 of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain granules: 

The granules were charged in a metallic press, pre-molded under pressure of 250 kg/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 2,800 kg/cm 2 , to thereby obtain molded products. 
The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1- 

25 The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/hninute and reten- 
tion for four hours at 2,200°C in an argon atmosphere. 

The density of the sintered pieces as determined by the Archimedes method was 2.63 g/cm 3 . The relative density 
was about 90%, and the open pore ratio was 6 vol.%. 

In polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several 
30 microns to one hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crys- 
tals. . . 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
subjected to lapping to obtain a surface having a surface roughness of 0.2 um, a rubbing test was performed. Parame- 
ters of the rubbing test performed under hot water conditions are shown in Table 2. As is apparent from the test results 
35 shown in Table 4, 1 ;2 cc/hour of leak constantly occurred since no impregnation-and-rarbonization was performed. 
However, the drive torque was very small (1 7 kgcm). and neither scoring nor surface damage was observed in sliding 
surfaces after the test 

Example 15 ; 

40 . . - . 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
surface area: 20 rrr^/g), 0:5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having a 
specif ic surface area of 200 m 2 /g, and 1 6 wt.% (1 ,600 g) of commercially available natural graphite; i.e. , natural graphite 
flakes having a maximum grain size of not more than 149 um and an average grain size of 30 um. An aqueous solution 

45 of polyvinyl alcohol (PVA) — which was used as a binder— was added to the above in an amount of 1 .5 wt.% as reduced 
to the solid content. These materials were placed in a bail mill and mixed for 24 hours. The resultant slurry in the form 
of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged 
in a metallic press, pre-molded under pressure of 250 kg/cm 2 , and subsequently molded by use of a cold isostatic press 
method under pressure of 1,500 kg/cm 2 , to thereby obtain molded products. The molded products were machined to 

so yield stationary and rotating rings having predetermined sizes shown in Table 1 . The thus-machined pieces were sin- 
tered under conditions of a temperature elevation rate of 5°C/minute and retention for four hours at 2,200°C in an argon 
atmosphere. The density of the sintered pieces as determined by the Archimedes method was 2.60 g/cm 3 . The relative 
density was about 85%, and the open pore ratio was 1 2 vol.%. In polished surfaces of the resultant pieces, flake-shaped 
graphite grains having a size ranging from several microns to one hundred and several dozens of microns were found 

55 to be uniformly dispersed in the silicon carbide crystals. After the thus-obtained products of sintered composite contain- 
ing graphite-added sintered silicon carbide were subjected to lapping to obtain a surface having a surface roughness of 
0.2 jim, a rubbing test was performed. Parameters of the rubbing test performed under hot water conditions are shown 
in Table .2. As is apparent from the test results shown in Table 4. 2.8 cc/hour of leak constantly occurred since no 
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impregnation-and-cartX5nization was performed. However, the drive torque was very small (20 kgcm). and neither scor- 
ing nor surface damage was observed in sliding surfaces after the test. 

Example 16 

5 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 urn. specif ic 
surface area: 20 n^/g). 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 rrftg, and 1 1 .2 wt% (1 ,120 g) of commercially available natural graphite; i.e., natural graph- 
ite flakes having a maximum grain size of not more than 149 \xm and an average grain size of 20 fim. An aqueous solu- 
w tion of polyvinyl alcohol (PVA) — which was used as a binder— was added to the above in an amount of 1.5 wt.% as 
reduced to the solid content These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in 
the form of a homogeneous mixture was spray-dried by use of a spray drier so as to obtain granules. 

The granules were charged in a metallic press, pre- molded under pressure of 250 kg/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 2.700 kg/cm 2 , to thereby obtain molded products. 
15 The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1. ' 

The thus-machined pieces were sintered under conditions of a temperature elevation rate of 5°C/minute and reten- 
tion for four hours at 2 ,200°C in an argon atmosphere. 

The density of the sintered pieces as determined by the Archimedes method was 2.79 g/cm 3 . The relative density 
20 was about 90%, and the open pore ratio was 6 vol.%. 

In polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several 
microns to one hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crys- 
tals. 

After the thus-obtained products of sintered composite containing graphite-added sintered silicon carbide were 
25 subjected to lapping to obtain a surface having a surface roughness of 0.2 nm, a rubbing test was performed. Parame- 
ters of the rubbing test performed under hot water conditions are shown in Table 2. As is apparent from the test results 
shown in Table 4, 1.1 cc/hour of leak constantly occurred since no impregnation-arid-carbonization was performed. 
However; the drive torque was 23 kgcm, which was a little higher than that in Examples 1 2 to 1 5 but much smaller than 
that in Comparative Examples 1 and 6. Slight scoring and surface damage were observed in sliding surfaces after the . 
30 test. However, these results are considered to raise no problem for practice use. 

Comparative Example 1 (a case in which no graphite is added) 

The procedure of Example 1 was repeated except that natural graphite was not used, to thereby produce sintered 
35 silicon carbide. The density of the resultant sintered pieces as determined by the Alchimedes method was 3.17 g/cm 3 
and the relative density was about 98%. The open pore ratio was 0 vol.%. The sintered pieces were subjected to a rub- 
bing test under the test conditions shown in Table 1 and dry conditions: As is apparent from the test results shown in 
Table 3. extraordinary wear loss and loud ringing of sliding face resulted, and during overhaulinspection, a trace of con- 
siderable scoring in sliding surfaces was observed. Thus the function of mechanical seal was not exerted. 
40 Independently, the test pieces were subjected to a rubbing test under hot water conditions shown in Table 2. As 
shown in Table 4, the drive torque was as high as 39 kgcm. In addition, considerable scoring and accompanying thermal 
cracks were observed in sliding surfaces during an overhaul inspection. 

Comparative Example 2-1 (case 1 which showed poor results due to excessive density) 

45 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 ym, specific 
surface area: 20 m 2 /g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 m 2 /g, and 10 wt.% (with respect to silicon carbide powder; 1,000 g) of commercially avail- 
able natural graphite; i.e., natural graphite flakes having an average grain size of about 5 pm. An aqueous solution of 

so PVA — which was used as a binder — was added to the above in an amount of 1 .5 wt.% as reduced to the solid content. 
These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. 

The granules were charged in a metallic press, pre-molded under pressure of 250 kgf/cm 2 and subsequently 
molded by use of a cold isostatic press method under pressure of 3,000 kgf/cm 2 , to thereby obtain molded products. 

55 The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in Table 
1. The thus-machined pieces were placed in a graphite mold and sintered with the application of a pressure of 300 
kgf/cm 2 , at a temperature elevation rate of 5°C/minute, and retention for one hour at 2,200°C under argon. The density 
of the sintered pieces as determined by the Archimedes method was 2.9&g/cm 3 The relative density was 96 %. The 
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bending strength was 48 kgf/mm 2 , which was equivalent to that of monolithic sintered pieces. The open pore ratio was 
as low as 0.1 vol.% and most pores were found to be closed. Also, the sintered pieces were tested for leakage under 
air pressure of 6 kgf/cm 2 ^ proving absence of air leakage. The sintered pieces were subjected to lapping to obtain a 
surface roughness of 0.2 jim. 

5 A dry test was performed under the test conditions shown in Table 1 . As shown in Table 3, extraordinary wear loss 

and loud ringing of sliding face occurred. Upon overhaul inspection, scoring was observed in sliding surfaces. 

Comparative Example 2-2 (a case which caused unsatisfactory sliding characteristics since the average grain size of 
graphite was 30 jim and the density of graphite was excessive) 

10 * 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 prn, specific 
surface area: 20 rr^/g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having a 
specific surface area of 200 rrP/g. and 1 0 wt% (with respect to silicon carbide powder ;1 ,000 g) of commercially avail- 
able natural graphite: i.e.. natural graphite flakes having an average grain size of about 30 urn. An aqueous solution of 

is PVA— which was used as a binder — was added to the above in an amount of 1 .5 wt.% as reduced to the solid content. 
These materials were placed, in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre-molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under 
pressure of 3,000 kgf/cm 2 , to thereby obtain molded products. The molded products were machined to yield stationary 

20 and rotating rings having predetermined sizes shown in Table 1. The thus-machined pieces were placed in a graphite 
mold and sintered with the application of a pressure of 300 kgf/cm 2 , at a temperature elevation rate of 5°C/minute, and 
retention for one hour at 2.200°C under argon. The density of the sintered pieces as determined by the Archimedes 
method was 2.98 g/cm 3 . The relative density was about 96%. The bending strength was 48 kgf/mm 2 , which was equiv- 
alent to that of monolithic sintered pieces. The open pore ratio was as low as 0.1 vol.% and most pores were found to 

25 be closed. Also, the sintered pieces were tested for leakage under air pressure of 6 kgf/cm 2 G, proving absence of air 
leakage. 

The sintered pieces were subjected to lapping to obtain a surface roughness of 0.2 um. A dry test was performed 
under test conditions shown in Table 1. As shown in Table 3, wear loss was high and ringing of sliding face occurred. 
Upon overhaul inspection, partial scoring was observed in sliding surfaces. 
30 ...... 

Comparative Example 2-3 (a case which caused unsatisfactory sliding characteristics since the average grain size of 
graphite was 30 um and the density of graphite was excessively high (amount of graphite: 20 wt.%)) 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
35 surface area: 20 rr^/g); 0.5 wt.% (50 g) of B 4 G powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having a 
specific surface area of 200.m 2 /g. and 20 wt.% (with respect to silicon carbide powder; 2.000 g) of commercially avail- 
able natural graphite: i.e., natural graphite flakes having an average grain size of about 30 um. An aqueous solution of 
PVA— which was used as a binder— was added to the above in an amount of T.5 wt.% as reduced to the solid content. . 
These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
40 mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre-molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under 
pressure of 3,000 kgf/cm 2 to thereby obtain molded products. The molded products were machined to yield stationary 
and rotating rings haying predetermined sizes shown in Table 1 . The thus-machined pieces were placed in a graphite 
mold and sintered with the application of a pressure of 300 kgf/cm 2 , at a temperature elevation rate of 5°C/minute, and 
45 retention/for one hour at 2,200°C under argon. The density of the sintered pieces as determined by the Archimedes 
method was 2.87 g/cm 3 . The relative density was 95% and the open pore ratio was 0.4 vol.%. 

The sintered pieces were subjected to lapping to obtain a surface roughness of 0.2 urn. A dry test was performed 
under test conditions shown in Table 1. As shown in Table 3, wear loss was high and loud ringing of sliding face 
occurred. Upon overhaul inspection, partial scoring was observed in sliding surfaces. 

50 

Comparative Example 2-4 (a case which caused unsatisfactory sliding characteristics since the average grain size of 
graphite was 60 um and the density of graphite was excessively high (amount of graphite: 20 wt.%)) 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
55 surface area: 20 m 2 /g), 0.5.wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having a 
specific surface area of 200 m 2 /g, and 20 wt.% (with respect to silicon carbide powder; 2,000 g) of commercially avail- 
able natural graphite; i.e., natural graphite flakes having an average grain size of about 60 um. An aqueous solution of 
PVA— which was used as a binder— was added to the above in an amount of 1 .5 wt.% as reduced to the solid content. 
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These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre- molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under 
pressure of 3,000 kgtfcm 2 , to thereby obtain molded products. The molded products were machined to yield stationary 

5 and rotating rings having predetermined sizes shown in Table 1 . The thus-machined pieces were placed in a graphite 
mold and sintered with the application of a pressure of 300 kgf/cm 2 , at a temperature elevation rate of 5°C/rrrinute t and 
retention for one hour at 2,200°C under argon. The density of the sintered pieces as determined by the Archimedes 
method was 2.87 g/cm 3 . The relative density was 95% and the open pore ratio was 0.4 vol.%. 

The sintered pieces were subjected to lapping to obtain a surface roughness of 0.2 ura A dry test was performed 

w under test conditions shown in Table 1 . As shown in Table 3, wear loss was high and loud ringing of sliding face 
occurred. Upon overhaul inspection, partial scoring was observed in sliding surfaces. Comparative Example 3 (a case 
in which poor sliding characteristics were obtained due to an excessively small graphite content although a densely 
packed structure was obtained) 

is A case in which the content of graphite is 1 0 wt.% or less: 

. The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 jim, specific 
surface area: 20 rrr^/g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 rrr^/g, and 5 wt.% (with respect to silicon carbide powder; 500 g) of commercially available 

20 natural graphite; i.e., natural graphite flakes having an average grain size of about 35 urn. An aqueous solution of 
PVA — which was used as a binder^— was added to the above in an amount of 1 .5«wt.% as reduced to the solid content. 
These materials were placed in a ball mill and mixed, for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre-molded under pressure Of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under 

25 pressure of 1,500 kgf/cm 2 , to thereby obtain molded products: 

Thie molded products were machined to yield stationary and rotating rings having predetermined sizes shown in 
Table 1 . The thus-machined pieces were 

sintered at a temperature elevation rate of 5°C/minute, and retention for four hours at 2,200°C under argon. The 
density of the sintered pieces as determined by the Archimedes method was 2.68 g/cm 3 . The relative density was about 

30 85% and the open pore ratio was 12 vdl:%. 

The sintered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces 
were sufficiently vacuurrHdegassif ied, a phenolic resin was introduced by use of a high pressure impregnation appara- 
tus. Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant grapNtized products were tested 
for leakage under air pressure of 6 kgf/crr^G, proving absence of air leakage. 

35 The sintered pieces were subjected to lapping to obtain a surface roughness of 0.2 urn. A dry test was performed 
under test conditions shown in Table 1 . As shown in Table 3. wear loss was high. and ringing of sliding face and scoring 
of sliding surfaces occurred. Comparative Example 4 (a case in which poor mechanical strength was obtained due to 
an excessively large graphite content although a densely packed structure was obtained) Content of graphite: 35 wt.% 
The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 jim, specific 

40 surface area: 20 rrrVg), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 m 2 /g, and 35 wt.% (with respect to silicon carbide powder; 3,500 g) of commercially avail- 
able natural graphite; i.e., natural graphite flakes having an average grain size of about 45 ^m. An aqueous solution of 
PVA — which was used as a binder — was added to the above in an amount of 1 .5 wt.% as reduced to the solid content. 
These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of & homogeneous 

45 mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre-molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under 
pressure of 1 ,500 kgf/cm 2 , to thereby obtain molded products. 

The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in 
Table 1. The thus-machined pieces were 

so sintered at a temperature elevation rate of 5°C/minute, and retention for four hours at 2,200°C under argon. The 

density of the sintered pieces as determined by the 

Archimedes method was 2.44 g/cm 3 . The relative density was about 85% and the open pore ratio was 12 vol.%. In 
polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns 
55 to one hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. 
Since the bending strength of the sintered pieces was as low as 16 kfg/mm 2 , no rubbing test was performed. 
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Comparative Example 5 (a case in which the grain size of graphite is large and the mechanical strength is low) Grain 
size ol graphite: 120 pm 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 urn, specific 
surface area: 20 rrr^/g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 rrr^/g, and 20 wt.% (with respect to silicon carbide powder; 2.000 g) of commercially avail- 
able natural graphite; i. e.. natural graphite flakes having an average grain size of about 1 20 um. An aqueous solution of 
PVA— which was used as a binder— was added to the above in an amount of 1 .5 wt.% as reduced to the solid content. 
These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre-molded under pressure of 250 kgf/crn 2 , and subsequently molded by use of a cold isostatic press method under 
pressure of 2,500 kgf/cm 2 to thereby obtain molded products. 

The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in 
Table 1 . The thus-machined pieces were 

sintered at a temperature elevation rate of 5°C/minute, and retention for four hours at 2,200°C under argon. The 
density of the sintered pieces as determined by the Archimedes method was 2.72 g/cm 3 . The relative density was about 
90% and the open pore ratio was 6 vol.%. In polished surfaces of the resultant pieces, flake-shaped graphite grains hav- 
ing a size ranging from several microns to one hundred and several dozens of microns were found to be uniformly dis- 
persed in the silicon carbide crystals. 

The sintered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces 
were sufficiently vacuum-degassrf ied. a phenolic resin was introduced by use of a high pressure impregnation appara- 
tus. Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant graphrtized products were tested 
for leakage under air pressure of 6 kgf/cm 2 G, proving absence of air leakage. 

The sintered pieces were subjected to lapping to obtain a surface roughness of 0.2 ^m. A dry test was performed 
under test conditions shown in Table 1 . As shown in Table 3, no ringing of sliding face but wear loss was as large as 200 
um/year. Upon overhaul inspection, scoring was observed in sliding surfaces. 

Comparative Example 6 (a case in which poor slicfing characteristics were obtained although the grain size of graphite 
was small and a densely packed structure was obtained) 

The following materials were weighed: 10 kg of a-type silicon carbide powder\(average grain size: 0.4 um, specific * 
surface area: 20 rrr^/g), 0.5 wt.% (50 g) of B 4 C powder as a sintering aid, 2.0 wt.% (200 g) of carbon black having a 
specific surface area of 200 m 2 /g, and 30 Wt.% (with respect to silicon carbide powder; 3,000 g) of commercially avail- 
able natural graphite; i.e., natural graphite flakes haying an average grain size of about 5 um. An aqueous solution of 
PVA— which was used as a binder— was added to the above in an amount of 1 .5 wt% as reduced to the solid content. 
These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by. use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre-molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a coid isostatic press method under 
pressure of 3,000 kgf/cm 2 to thereby obtain molded products. 

The molded products were machined to. yield stationary and rotating rings having, predetermined sizes shown in 
Table 1 . The thus-machined pieces were * 

sintered at a temperature elevation rate of 5°C/minute, and retention for four hours at 2,200°C under argon. The 
density of the sintered pieces as determined by the Archimedes method was 2.63 g/cm 3 . The relative density was about 
90% And the open pore ratio was 6 vol.%. 

The sintered pieces were placed in a vacuum impregnation apparatus, and after the interior portions of the pieces 
were sufficiently vacuum-degassrf ied, a phenolic resin was introduced by use of a high pressure impregnation appara- 
tus. Subsequently, the resin was carbonized in a furnace under nitrogen. The resultant composite was tested for leak- 
age under air pressure of 6 kgf/crrr^G, proving absence of air leakage. 

The sintered pieces were subjected to lapping to obtain a surface roughness of 0.2 ^m. A dry test was performed 
under test conditions shown in Table 1. As shown in Table 3, wear loss was large and ringing of sliding face occurred., 
Upon overhaul inspection, scoring was observed in sliding surfaces. 

Another rubbing test performed in the presence of hot water was performed. As is apparent from the rubbing test 
results shown in Table 4, the drive torque was as large as 35 kgcm, and during overhaul inspection, surface damage 
and scoring were observed in sliding surfaces. 

Comparative Example 7 (a case in which poor strength was obtained due to low density) 

The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 um, specific 
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surface area: 20 rrrVg). 0.5 wt% (50 g) of B 4 C powder as a sintering aid. 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 rrr^/g, and 10 wt.% (with respect to silicon carbide powder; 1 ,000 g) of commercially avail- 
able natural graphite; i.e., natural graphite flakes having an average grain size of about 30 jim. An aqueous solution of 
PVA— which was used as a binder-— was added to the above in an amount of 1 .5 wt% as reduced to the solid content. 

5 These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry in the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. The granules were charged in a metallic press, 
pre- molded under pressure of 250 kgf/cm 2 , and subsequently molded by use of a cold isostatic press method under 
pressure of 1.500 kgf/cm 2 . to thereby obtain molded products. 

The molded products were machined to yield stationary and rotating rings having predetermined sizes. shown in 

10 Table 1. The thus-machined pieces were placed in a graphite mold and sintered at a temperature elevation rate of 
5°C/minute, and retention for four hours at 2.200°C under argon. The density of the sintered pieces as determined by 
the Archimedes method was 2.34 g/cm 3 . The relative density was about 75% and the open pore ratio was 1 6 vol.%. In 
polished surfaces of the resultant pieces, flake-shaped graphite grains having a size ranging from several microns to 
one hundred and several dozens of microns were found to be uniformly dispersed in the silicon carbide crystals. Since 

is the bending strength of the sintered pieces was as low as 1 1 kfg/mm 2 , no rubbing test was performed. 

Comparative Example 8 (a case in which artificial spherical graphite was used; chipping of graphite occurred during 
sliding movement due to insufficient mechanical strength caused by an insufficiently packed structure) 

20 The following materials were weighed: 10 kg of a-type silicon carbide powder (average grain size: 0.4 pm, specific 
surface area: 20 rr^/g), 0.5 wt% (50 g) of B 4 C powder as a sintering aid. 2.0 wt% (200 g) of carbon black having a 
specific surface area of 200 rr^/g, and 15 wt.% (with respect to silicon carbide powder; 1 .500 g) of commercially avail- 
able-artificial spherical graphite powder having an average grain size of about 45 jim. An aqueous solution of 

> PVA— which was used as a binder— was added.to the above in an amount of 1 .5 wt% as reduced to the.solid content. 

25 These materials were placed in a ball mill and mixed for 24 hours. The resultant slurry \n\ the form of a homogeneous 
mixture was spray-dried by use of a spray drier so as to obtain granules. 

The granules were charged in a metallic press, pre-motded under pressure of 250 kgf/cm 2 , and subsequently 
molded by use of a cold isostatic press method under pressure of 3,000 kgtfcm 2 . to thereby obtain molded products. 
The molded products were machined to yield stationary and rotating rings having predetermined sizes shown in 

30 Table 1. The thus-machined pieces were 

sintered at a temperature elevation rate of 5 0 C/rrunute f and retention for four hour at 2,200°C under argon. The 
density of the sintered pieces as determined by the Archimedes method wais 2.76 g/cm 3 . The relative density was about 
90% and the open pore ratio was 6 vol.%. In polished surfaces of the resultant pieces, flake-shaped graphite grains hav- 
ing a size ranging from several microns to one hundred and several dozens of microns were found to be uniformly dis- 

35 persed in the silicon carbide crystals. The sintered pieces were placed in a vacuum impregnation apparatus, and after 
the interior portions of the pieces were sufficiently vacuum-degassif ied, a phenolic resin was introduced by use of a high 
pressure impregnation apparatus. Subsequently, the resin was carbonized in .a furnace under nitrogen. The resultant 
composite was tested for leakage under air pressure of 6 kgf/cm 2 G. proving absence of air leakage. The sintered com- 
posite was subjected to lapping to obtain a surface roughness of 0.2 jim. A dry test was performed under test conditions 

40 shown in Table 1 . As is apparent from the test results shown in Table 3, ringing of sliding face was suppressed but con- 
siderable wear loss occurred. Partial chipping of artificial graphite and accompanying chipping of silicon carbide were 
observed in the worn-out. The bending strength of the sintered pieces was as low as 13 kgf/mm 2 . in view that breakage 
was observed to have started from the interface between silicon carbide and graphite, it is considered that these results 
may be attributable to insufficient strength at the interface of silicon carbide and graphite. 

45 The products obtained in Examples 1 through 11. of the present invention and Comparative Examples 1. 2-1 
through 2-4. and 3 through 8 were machined to form stationary and rotating rings as shown in Table 1 and Fig. 2. The 
rings were installed in a mechanical seal unit as sKown in Fig. 3, and a test was performed under dry conditipns for their 
mechanical sealing performance. The medium was air, and the pressure source was a compressor. Other test condi- 
tions are shown in Table 1 . 

so In addition, the products obtained Examples 1 and 5 of the present invention and Comparative Examples 1 and 6 
were machined to form stationary arid rotating rings as shown in Fig. 2. In a manner similar to that described above, the 
rings were installed in a mechanical seal unit as shown in Fig. 3, and a test was performed in hot water to investigate 
their mechanical sealing performance. The medium was hot water, and the pressure source was a compressor. Other 
test conditions are shown in Table 2. 

55 The results of these tests are shown in Tables 3 and 4. 

As shown in Fig. 3, the aforementioned mechanical seal includes a rotating ring 1 and a stationary ring 2 (both of 
which are shown in Fig. 2) with a shaft S fit-inserted therethrough. The rotating ring 1 is mounted on the shaft S so that 
the ring 1 rotates together with the shaft S . The stationary ring 2 is non-rotatably disposed onto the casing C. A seal is 
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formed by bringing the seal surface S1 of the rotating ring 1 and the seal surface S2 of the stationary ring 2 into a sliding 
contact to each other 

The rotating ring 1 is disposed on a rotary back metal 10 through a pin 10 and an O ring 12, and the rotary back 
metal 10 in turn is disposed on the shaft S through a pin 13 and an O ring 14. 
5 The stationary ring 2 is disposed on a seal back metal 20 through a pin 21 and an O ring 22, and the seal back 

metal 20 in turn is disposed on the casing C through an O ring 23 so that the seal back metal can move in the axial 
direction. The seal back metal 20 is urged against the rotating ring 1 by a spring 25 via a compression ring 24. The pres- 
sure produced by the spring corrtrfoutes to the surface pressure between the seal surfaces S1 and S2. The seal back 
metal 20 is held in the direction of rotation with a pin or a notch (not shown) provided for a compression ring 24, to 
io thereby prevent the stationary ring 2 from rotating together with the shaft. 

the rorating ring 1 and a stationary ring 2 may be adapted directly to the casing C and shaft S, respectively, without 
use of a rotary back metal 10 . or a seal back metal 20. 

The material of the present may be not necessarily used for both rotating ring 1 and stationary ring 2; i.e.. it suffices 
if either one ring is made of the material of the present invention. Also, the material of the present invention may not 
is necessarily be used for the entirety of the rotating ring 1 or stationary ring 2, if it is used at least for the portions that 
form seal surfaces S1 and S2, or their proximate areas. 

First, the test results of mechanical seal performance under dry circumstances shown in Table 3 will be described. 
Comparative Example 1 is drawn to the case in which anomalous sound generally called "ringing of sliding face" 
• occurred in the use of silicon carbide with no graphite added thereto (hereinafter called "no-graphite- added silicon car- 
20 bide"), and in which considerable surface damage and scoring of the sliding surfaces and a significant amount of wear 
loss were observed during overhaul inspection. Thus, use of the no-graphite-added silicon carbide is not proven feasi- 
ble. 

Comparative Examples 2-1 to 2-4 are drawn to cases in which considerable ringing of sliding faces occurred and 
in which considerable surface damage and scoring of the sliding surfaces and a significant amount of wear loss were 

25 observed during overhaul inspection, even though test pieces of graphite-added sintered silicon carbide having a den- 
sity of greater than 92%.were used. Though these results are similar to those of Comparative Example 1 , the phenom- 
ena is not as severe in degree. 

Comparative Example 3 is drawn to the case in which considerable ringing of sliding face occurred in the test and 
in which scoring of the sliding surfaces and a considerable amount of wear loss were observed during overhaul inspec- 

30 tion, when a test piece of graphite-added sintered silicon carbide having a proper density but containing a smaller 
amount of graphite was used. The results are similar to those of Comparative Example 2. 

Comparative Example 4 is drawn to the case in which a test piece of graphite-added sintered silicon carbide having 
a proper density but containing an excess amount of graphite results in low bending strength. The test piece was found 
unsuitablefbr use as a rubbing material. 

35 Comparati ve Example 5 is drawn to the case in which a test piece of graphite-added sintered silicon carbide having 
a proper density and containing a proper amount of graphite having an extremely large grain size results in tow bending 

\ strength. This is caused by poor adhesion at the interface between graphite and silicon, carbide. 

Comparative Example 6 is drawn to the case in which sufficient bending strength was attained but ringing of sliding 
face occurred in the test piece and surface damage (scoring) of the sliding surfaces and a considerable amount of wear 

40 loss were observed during overhaul inspection, when a test piece of graphite-added sintered silicon carbide having a 
proper density and containing a proper amount of graphite having a small grain size was used. 

Comparative Example 7 is drawn to the case in which insufficient bending strength was atained, when a test piece 
of graphite-added sintered silicon carbide having a low density but containing a proper amount of graphite having a 
proper grain size was used. The test piece is unsuitable for use as a rubbing material. Comparative Example 8 is drawn 

45 to tile case in which a test piece of graphite-added sintered silicon carbide having a proper density and containing a 
proper amount of synthetic graphite — not flake-shaped but almost spherical — having a proper grain size resulted in low 
bending strength and a considerable amount of wear loss. This is caused by poor adhesion at the interface between 
graphite and silicon carbide. The test piece is unsuitable for use as a rubbing material. 

In contrast, Examples 1, 2, 5. 8, 9, 10, and 11 are drawn to cases in which test pieces had a sufficient strength; 

so substantially no ringing of sliding faces occurred during the tests; and substantially no surface damage or scoring of the 
sliding surfaces was observed during overhaul inspection. The rubbing test results show a wear loss of 35 um/year or 
less. 

Particularly, Example 1 is drawn to the case in which no ringing of sliding faces occurred in the test piece and no 
surface damage (scoring) of the sliding surfaces was observed during overhaul inspection. The rubbing test results 
55 . show an extremely low wear loss of 8 jim/year. 

Examples 3, 4, and 6 are drawn to cases in which slight scoring of the sliding surfaces and slight ringing of sliding 
faces occurred in the test pieces caused by comparatively low graphite content in silicon carbide. These scoring and 
ringing are not so pronounced as to render the test pieces unusable. 
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Examples 7 is drawn to the case in which wear loss was more significant and partial chipping was observed due to 
poor strength of the test piece and in which slight scoring of the sliding surfaces occurred in the test pieces, caused by 
comparatively low graphite content in silicon carbide. These weak points are not so pronounced as to render the test 
pieces unusable. 

5 As is apparent from these results, the rubbing materials provided by the present invention, having excellent wear 

resistance, hardly producing surface damage and scoring of the sliding surfaces, and producing an extremely low level 
of ringing of slid ng faces, are expected to be employed as rubbing materials exhibiting excellent performance under dry 
conditions. 

Furthermore, other experiments prove that the rubbing materials provided by the present invention have remarka- 
10 biy excellent characteristics under dry conditions. 

Results of a mechanical seal test performed in hot water at 1 10°C are shown in Table 4. When a solution to be 
. sealed has a temperature of higher than 100°C, sliding surfaces of a mechanical seal are exposed to quasi-dry condi- 
tions due to evaporation of water, as well as to heat attributed to sliding. Therefore, conventional mechanical seals are 
susceptible to seizure and scoring of the sliding surfaces which are subsequently damaged through thermal cracking 
is and anomalous wear, thereby decreasing the sealing characteristics. * 

Comparative Example 1 is drawn to the case in which scoring and concomitant thermal cracking of the sliding sur- 
faces were observed during overhaul inspection due to the high drive torque. 

Comparative Example 6 is drawn to the case in which scoring of the sliding surfaces was observed during overhaul 
inspection even though the drive torque was slightly lower. 
20 In contrast, Example 1 is drawn to the case in which absolutely no scoring or surface damage of the sliding surfaces 
was observed during overhaul inspection, due to the drive torque being as low as 17 kgcm. 
Similar results were obtained in Example 5. . 

Also. Exampie 12 is drawn to the case in which leakage of 0.5 cc/h was observed but absolutely no scoring or sur- 
face damage of the sliding surfaces was observed, due to the drive torque being as low as 1 9 kgcm Examples 13 to 

25 1 5 are drawn to cases in which slightly increased leakage was observed but absolutely no scoring or surface damage 
.- of the sliding surfaces was observed due to the extremely low drive torque as observed in Example 1 2. Example 1 6 is 
drawn to the case in which a small amount of leakage and slight scoring and surface damage were observed in the slid- 
ing surfaces but in which the drive torque was greatly lower than that measured in Comparative Example 6. Since sin- 
tered materials in Examples 12 to 16 were not sealed through impregnation-carbonization or impregnatibn - . 

30 graphitization, leakage therefrom occurred in an amount corresponding to the pore ratio of the test piece. However, this 
level of leakage may be acceptable in consideration of actual applications. ; 

As described in the Examples provided hereinabove, the graphite-added sintered silicon carbide and the sintered 
composite containing the same of the present invention have enough strength to serve as a structural material and have 
excellent lubrication ability. Therefore, it is very clearly appreciable that these materials exhibit excellent characteristics 

35 for use as rubbing materials of a mechanical seal under dry conditions or under other conditions temporally providing 
dry conditions to sliding surfaces as experienced when hot water is present: 

The entire disclosure of Japanese Patent Application No. 9-7461 4 filed on March 11.1 997, inducing specification, 
claims, drawings and summary is incorporated herein by reference in its entirety. 
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Table 1 



Mechanical Seal Test Conditions Under Dry Conditions 









Outside diameter 068 




Stationary ring 


x inside diameter 058 


Mechanical seal 






x thickness 9 


ring size 






Outside diameter 070 




Rotating ring 


x inside diameter 057 


mm . 






x thickness 9 


Speed of rotation 


rpm 


100 


Peripheral velocity 


m/s 


0.4 


Medium 


Air 


Pressure of medium 


kgf /cm'G 


2 


Temperatures of medium 


°C 


Room temperature 


Spring pressure 




kgf /cm" 1 


0.5 


Valance ratio 


80 


Time of operation 


h 


100 



, Table 2 Mechanical Seal. Test Conditions 

Uncier Hot Water Conditions 









Outside diameter 068 . 




Stationary ring 


x inside diameter 058 


Mechanical seal 






x thickness 9 


ring size 






Outside diametrer 076 




Rotating ring 


x inside 'diameter 057 


I mm ■ 






x thickness 24 


Speed of rotation 


rpm 


3600 


Peripheral velocity 


m/s 


13 


Medium 


Hot water 


Pressure of medium 


kgf/cm^G 


2 


Temperatures of medium 


°C 


110 


Spring pressure 




kgf /cm' 


0.7 


Valance ratio 


80 


Time of operation 


h 


8 
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Claims 

1. A sintered silicon carbide with graphite added thereto characterized by comprising 10-30 wt.% of natural graphite 
flakes having an average grain size of 8-100 \um and the remainder silicon carbide and a sintering aid, and having 
a relative density of 80-92%. 

2. A sintered silicon carbide with graphite added thereto according to daim 1 , wherein the average grain size of the 
natural graphite flakes is 20-80 um. 

3. A sintered silicon carbide with graphite added thereto according to daim 1 , wherein the average grain size of the 
natural graphite flakes is 30-60 jxm. 

4. A sintered silicon carbide with graphite added thereto according to any one of claims 1 . 2, or 3. wherein the natural 
graphite flakes is contained in an amount of 1 6-30 wt.%. 

5. A material according to any one of claims 1 . 2, or 3, wherein the natural graphite flakes is contained in an amount 
of 16-30 wt.%. 

6. A material according to daim 5, wherein the natural graphite flakes is contained in an amount of 1 6-30 wt%. 

7. - A mechanical seal which indudes a rotating ring and a stationary ring, the rotating ring being adapted onto a rotary 

shaft and being permitted to rotate together with the rotary shaft, and the stationary ring being adapted onto a cas- 
ing, end surfaces of the rotating ring and the stationary ring being brought to slidable contact so as to establish seal 
surfaces to form a seal therebetween; the mechanical seal being characterized in that the seal surface of at least 
one of the rotating ring and the stationary ring and the proximity of the seal surfaces are formed of a graphite-added 
sintered silicon carbide comprising 10-30 wt.% of natural graphite flakes having an average grain size of 8-100 jim 
and the remainder silicon carbide and a sintering aid. and having a relative density of 80-92%. 

8. A mechanical according to daim 7, wherein the average grain size of the natural graphite flakes of the graphite- 
added sintered silicon carbide is 20-80 jim. 

9. ed sintered silicon carbide is 30-60 um. 

10. Amechanical according to any one of claims 7, 8, or9, wherein the amount of the natural graphite flakes contained 
in the graphite-added sintered silicon carbide is 16-30 wt.%. 

1 1 . A mechanical according to any one of claims 7. 8, or 9. wherein at least one carbonized or graphjtized thermoset- 
ting resin is contained in open pores of the graphite-added sintered sjlicon carbide. 

12. A mechanical seal according to claim 1 1 , wherein the amount of the natural graphite flakes contained in the graph- 
ite-added sintered silicon carbide is 1 6-30 wt.%. 
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